Soluble proteins extracted from mycelium of Penicillium griseofirlvum were separated by acrylamids-gel electrophoresis. The pattern and overall intensity of the protein bands varied greatly with age of culture. A marked decrease in band intensity occurred at the time of exhaustion of the nitrogen source in shaken cultures, and at an earlier stage in static cultures; the total protein in whole or ultracentrifuged extracts did not decrease to the same extent. Changes in the pattern and intensity of protein bands duringincubation occurred also in P. chrysogenum and P . frequentans. Mycelium of P. griseofulvum which was induced to sporulate in shaken culture yielded little protein as shown by electrophoresis at early stages of culture, in comparison with non-sporing mycelium. Each of these three Penicillium species could be distinguished by the protein pattern, which was reproducible and characteristic of the fungus at any particular stage of culture. The results indicate the need to determine the effects of age and conditions of culture when gel electrophoresis of mycelial proteins is used for taxonomic purposes.
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Soluble proteins extracted from mycelium of Penicillium griseofirlvum were separated by acrylamids-gel electrophoresis. The pattern and overall intensity of the protein bands varied greatly with age of culture. A marked decrease in band intensity occurred at the time of exhaustion of the nitrogen source in shaken cultures, and at an earlier stage in static cultures; the total protein in whole or ultracentrifuged extracts did not decrease to the same extent. Changes in the pattern and intensity of protein bands duringincubation occurred also in P. chrysogenum and P . frequentans. Mycelium of P. griseofulvum which was induced to sporulate in shaken culture yielded little protein as shown by electrophoresis at early stages of culture, in comparison with non-sporing mycelium. Each of these three Penicillium species could be distinguished by the protein pattern, which was reproducible and characteristic of the fungus at any particular stage of culture. The results indicate the need to determine the effects of age and conditions of culture when gel electrophoresis of mycelial proteins is used for taxonomic purposes. tionary flasks, on a liquid glucose + ammonium sulphate + salts medium, Details of the cultural methods have been published (Bent & Morton, 1964) .
Extraction and electrophoresis of mycelial proteins. Samples of mycelium were collected by filtration, washed twice with water and stored at -15'. Samples from shaken cultures (about I g. fresh weight) were placed in 9 ml. of cold 0.067 M-phosphate buffer (pH 7.0) and shaken at high speed with glass beads on a wrist-action shaker in a cold room (3') for 30 min. Mycelial felts from static cultures were first broken up in buffer with a blender for 2 min. and then ground in a cooled glass tissue-grinder for 5 min.
The suspensions were centrifuged at 25,000 g for 30 min. Volumes of supernatant fluid equivalent to 1-25 mg. dry weight mycelium were submitted to disc electrophoresis on polyacrylamide gels. In general the procedure described by Ornstein & Davis ( I 962) and by Davis (1964) was followed, but samples were applied in 25 "/o (w/v) sucrose solutions instead of in large-pore gels. Sometimes spacer gels were also omitted. The above methods were adopted largely for convenience, since no appreciable difference to the electrophoretic pattern was made by using different homogenisation techniques (grinding in a glass tissue-grinder, passage through a Hughes press, shaking with glass balls), by using different extraction fluids (water, phosphate buffer at pH 6.0 or 7.0, 0-25 wsucrose in pH 7.0 buffer), by the presence or absence of large-pore sample or spacer gels, by conducting electrophoresis a.t 3" instead of at room temperature, by storing mycelium at -15" for 2 weeks, by drying mycelium with acetone or by successive centrifugation of 1000 g supernatant fluids at 25,000 and IOO,OOO g. Electrophoresis patterns obtained with replicate portions of one protein extract, with replicate extracts from one culture, or with mycelial samples taken from separate but similar cultures of the same age grown on the same or on different occasions, were virtually identical when run in the same batch. Unpredictable minor variations in the relative mobility of bands sometimes occurred when one preparation was treated on different occasions under apparently the same conditions, although the overall pattern of bands was maintained. For this reason, samples were run in the same batch before detailed comparisons between different preparations were made.
Determination of protein. Total protein contents of mycelium and mycelial extracts were determined by the method of Lowry, Rosenbrough, Farr & Randall ( I 95 I), with bovine serum albumin (fraction V) as the standard.
The use of conventional methods (such as determination by the method of Lowry et al. or by measurement of a-amino-nitrogen after acid hydrolysis) to determine total protein in the gels or in extracts therefrom was precluded by the occurrence of high blank values, presumably due to the peptide links in the polyacrylamide. The amount of protein in the gels was estimated by determining directly the intensity of the Amidc Black staining. After removal of the spacer gel, each small-pore gel was trimmed beyond the electrophoretic front to a suitable length, inserted into a glass tube from which its end protruded slightly and placed in a 4 cm. spectrophotometer cell so that its ends were just flattened against the walls of the cell. The cell was placed in a Unicam SP 500 spectrophotometer, with the gel aligned lengthwise in the light path, and the extinction at 600 m,u was measured against a blank gel. Standard gels were prepared from bovine serum albumin (fraction V). Extinction was related linearly to the amount of albumin or mycelial extract applied to the gels; readings from replicate gels were within 3 (yo of the mean values. Proteiris of Penicilliurn I97
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The pattern and the overall quantity of soluble protein in electropherograins of extracts of PeniciElium guiseofulvum varied considerably during the course of shaken culture. The pattern shown in PI. I , fig. I A, was typical of mycelium in the exponential phase of growth (18-27 hr) , and in the original gels some 16 bands could readily be distinguished. Shortly before the exhaustion of the nitrogen source (the limiting nutrient), which occurred at 28-5-29 hr, the pattern changed (Pl. I , fig. I B) ; several new bands appeared, and there were marked changes in the intensities of many of the bands shown by earlier samples.
During the subsequent period of nitrogen starvation there was a very marked and persistent decrease in the overall amount of protein appearing in the gels (Pl. 1, fig. I C and D). Some bands decreased more than others, so that further changes in pattern could be distinguished. During this nitrogen-deficient stage of incubation, the hyphae continued to grow in length. When young (24 hr) mycelium was remoted from the culture medium and shaken in fresh medium from which the nitrogen source was omitted, a similar rapid and large decrease in overall band intensity and similar changes in pattern took place. More concentrated extracts of older mycelium were used in an attempt to increase the band intensities, so that the patterns could be compared more e:tsily with those given by younger cult Lit-es. However, the results were unsatisfxtory since the rate of protein migration from thc stronger extracts was much slower; after prolonged electrophoresis the bands became diffuse and were obscured by heavy background staining.
A comparable sequence of changes i ti the soluble proteins of Penicilliurn grisc3ofulvuni occurred when the fungus was grown in static culture. In this type of culture, however, changes were detectable at a relatively early stage, when only half of the available nitrogen had been consumed (170 pg. N/ml. remaining). Thus the gel shown in P1. I , fig. I F, representing mycelium grown in still culture for 50 hr (130 pg. N/nil. remaining), had a pattern intermediate between those of Figs. I A and B, but closer to that of Fig. I B, which was derived from a shaken culture in which the nitrogen source was almost exhausted. At later stages of static culture there occurred a further general decrease in band intensity and also changes in pattern similar to those observed in the shaken cultures.
Gels were also prepared from shaken cultures of Penicilliurn grisecfulvum growing in a medium prepared with a crude commercial glucose instead of reagent grade glucose. The crude glucose contained factors which promoted the sporulation of this fungus in shakenculture (Armstrong, England, Morton &Webb, 1963); P1. I , fig. I E represents niycelium which was just starting to sporulate (the hyphae were highly branched and most of the tips bore incipient conidiophores). In general intensity of staining and in band pattern there was a resemblance t o gels representing nitrogen-starved mycelium rather than to gels prepared frotn comparable young non-sporing cultures. This distinction between young mycelia of sporing and vegetative cultures was observed in several experiments. As the cultures aged, gels of sporing mycelium became in intensity and pattern more like those of non-sporing cultures of similar age.
The soluble proteins of Penicilliwn chrysogenurn and P. jrequentnns (PI. I , fig. 2) changed with age of culture in much the same way as those of P. gri.scofi/vum. Gels prepared from the three species at a particular time of incubation could be distinguished easily from each other. An independent observer was able to sort nine gels which represented these species at three times of incubation (20, 28, 36 hr) correctly into groups representing each species, but only after the pattern of change, and particularly the general decrease in band intensity with age of culture, had been explained to him. When gels representing the middle stages of incubation were omitted, it was impossible to match the remaining gels. The marked decrease in band intensity shown by gels prepared from older mycelium was unexpected, since earlier studies with Penicillium griseofulvum (Bent & Morton, 1964) had revealed that the total protein content of the mycelium underwent relatively small changes during shaken culture. The total protein contents of some electrophoresis gels were therefore compared with those of the mycelial extracts from which they were made ( Table I) . Although determinations in gels and in extracts were made by different methods (see above), the large differences in the values for protein obtained from gels and from corresponding mycelial extracts suggest that even at early times of incubation only a small proportion of the protein present in whole extracts, or in ultracentrifuged extracts, was represented by the stained bands in the gels. This proportion which moved electrophoretically decreased greatly during shaken or static cultures, especially after exhaustion of the nitrogen supply (Table I) . Thus, under conditions of nitrogen starvation, there was a rapid and specific loss of those proteins which could enter gels and react with the Amido Black stain. Protein is expressed as mg./g. mycelial dry weight. Nitrogen was exhausted from the medium at 28-5-29 hr. (shaken culture) and 48-72 hr. (static culture). Extracts were centrifuged at 25,000 g for 30 rnin., and at IOO,OOO g for 75 min. Changes in soluble protein content have been detected by various techniques in a wide range of organisms, including the fungi Blastocladielln emersorzii (Cantino & Goldstein, 1962) and Neurospora crassa (Williams & Tatum, 1966) ~ and reports of alterations in the amounts of individual enzymes in response to environmental factors are numerous. Nevertheless, in recent comparative studies of the soluble mycelial proteins of related species and strains of fungi the effects of the age and conditions of culture have appeared to be insignificant (see Introduction). The simplicity and sensitivity of the * 99 acrylamide-gel technique, coupled with the suitability of the gels for long-term storage, may lead to its widespread adoption for taxonomic and diagnostic work on the fungi. It is becoming increasingly evident that electrophoretic separation of mycelial proteins can provide a useful criterion for distinguishing the genotype, and the present study provides another example of this. The results make it clear, however, that standardisation of cultural conditions and attention to the physiological age of the organism must not be overlooked in this type of work.
A striking feature revealed in the present work was the rapid and selective decrease in those proteins that migrated electrophoretically, which occurred in shaken cultures when the external supply of nitrogen was exhausted or when mycelium was transferred to nitrogen-deficient medium. I n static cultures similar changes occurred at a relatively early stage, well before the nitrogen supply was used up. This probably reflected the morphological differences between the two types of culture. In shaken cultures the fungi grew as dispersed suspensions of hyphae which were in direct contact with the medium, whereas in static cultures the mycelia developed as surface felts, of which large proportions must have been relatively remote from the nutrient Submerged mycelium growing on a supplemented medium which induced sporulation gave electrophoretic patterns which resembled those of nitrogen-starved mycelium. In the absence of specific nutritional factors for sporulation, such as those provided here, nitrogen starvation is one essential condition of sporulation of this organism in submerged culture (Morton, England & Towler, 1958) . The present results suggest that the factors in crude glucose may induce some of the metabolic effects normally brought about by nitrogen starvation, in young mycelium growing in the presence of assimilable nitrogen. The occurrence of ii relatively low overall nitrogen content has been reported as another feature in coininon between young sporing mycelium and nitrogen-starved vegetative mycelium of Penicillium griseofulvum (Bent & Morton, 1964) . Protein turnover at a high rate h a s been detected in the mycelium of P. griseo-JiAl~.'u~n under conditions of nitrogen deficiency (Bent, 1964) , and it is possible that those proteins which appeared in the acryianiide gels were particularly Iiable to degradation and were not replaced by re-synthesis. Alternatively, such proteins may have aggregated or become bound into structures which were too large or carried an insufficient charge to be attracted into the gels, or which were not extractable from the mycelium. An apparent loss of the ethanol-soluble protein in Escherichia coli which occurred at the onset of sulphur starvation was shown to result from its interaction with intracellular polymetaphosphate that accumulated under this condition (Pine 1963) and not from its utilisation as a reserve material as first thought. Further investigations into the associational state of the mycelial proteins, and into the changes in the amounts and activities of specific enzyme proteins are warranted. 
